Mongolian gerbils were used to evaluate brain edema during restoration of flow following bilateral ca rotid occlusion for 1 h. We have modified the method for fluorometric measurement of Evans blue to monitor vas cular protein leakage (vasogenic edema). The extraction of extravasated Evans blue was performed by homoge nizing the whole brain in 50% trichloroacetic acid. The supernatant was diluted fourfold with ethanol and the Evans blue fluorescence was measured. The tissue blank was negligible. Evans blue content of the plasma was
Brain edema is one of the most important clinical complications in ischemic damage to the brain. Ex perimental works suggest that "ischemic brain edema" has cytotoxic and vasogenic features. The early accumulation of water is presumed to be due to cytotoxic edema; later, a vasogenic mechanism with extravasation of proteins contributes to fluid accumulation (Katzman et aI. , 1977; Ito et aI., 1979) .
The azo dye Evans blue is known to bind quanti tatively to albumin in vivo (Rawson, 1943) . This property has been widely used to grossly observe the consequences of vasogenic edema by the pres ence of areas of blue discoloration and microscopi cally by the presence of a bright red fluorescent tracer. The extravasated Evans blue has been ex tracted and the content determined by colorimetry similarly determined and the ratio of tissue to plasma Evans blue content was calculated. Furthermore, Evans blue fluorescence was used for microscopic investigation. It is suggested that Evans blue fluorescence can be ap plied for quantification of protein leakage with much more sensitivity and accuracy than the colorimetric ab sorbance method, as well as for tissue localization of pro tein leakage. Key Words: Evans blue-Fluorometry Mongolian gerbil-Transient ischemia-Vasogenic edema.
at the absorbance of 600-620 nm (Rossner and Te mpel, 1966; Sztriha et aI., 1986) . The quantifica tion of Evans blue by colorimetric absorbance mea surement, however, has limitations. The detection limit of the blue color makes it difficult to quantify the amount of extravasated dye. In the present study, we used Evans blue fluorescence for both quantification and morphological investigation of vasogenic edema in the gerbil brain, after transient ischemia, by a modification of the method used in the respiratory tract (Saria and Lundberg, 1983) .
METHODS
Six to seven adult male Mongolian gerbils, weighing 60-80 g, were used in each experiment in the present study. The animals were anesthetized with pentobarbital 50 mg/kg injected intraperitoneally, and dissection of the neck was performed to allow simultaneous occlusion of both carotid arteries with aneurysmal clips. Exactly 1 h after bilateral carotid occlusion, the aneurysmal clips were removed and the cerebral circulation restored for varying periods of time up to 3 h. In the control animals, under the same anesthesia, the bilateral carotid arteries were exposed but not occluded.
The whole brain was removed immediately after guillo tine decapitation and its wet weight was immediately measured. The tissue was then dried at 110°C for 48 h to obtain its dry weight. The water content was calculated from the wet and dry weight of the brain. The dehydrated sections were homogenized with 10 ml of 0.75 N nitric acid solution, and the mixtures were placed in the roughly washed plastic tubes with tight plugs and incu bated at 4°C for 3 days. The supernatant was diluted 10or 20-fold with deionized water. Sodium and potassium content was measured with an atomic absorption spectro photometer.
Two percent Evans blue in saline, in a volume of 5 mllkg, was given intravedously as a blood-brain perme ability tracer and was allowed to circulation for at least 60 min. Before death of the animal, the chest wall was opened under ether anesthesia and 0.2 ml of blood was collected from the heart. To remove the intravascularly localized dye, the animals were perfused with saline (not heparinized) through the left ventricle at 110 mm Hg pressure until colorless perfusion fluid was obtained from the right atrium. The extraction of Evans blue dye was performed according to Rossner and Tempel (1966) . Briefly, the whole brain was removed and weighed, then homogenized in 2 ml 50% trichloroacetic acid (wt/vol), and centrifuged (10,000 rpm, 20 min). The supernatant was diluted fourfold with ethanol. For fluorescent mea surement, an aliquot was diluted one-to threefold with the solvent (50% trichloroacetic acid/ethanol, 1:3). A Hi tachi MPF-4 fluorescence spectrophotometer was used at an excitation wavelength of 620 nm (bandwidth 10 nm) and an emission wavelength of 680 nm (bandwidth 10 nm). Calculations were based on external standards in the solvent (l00-500 ng/ml). Evans blue content of the plasma was similarly determined and the ratio of tissue to plasma Evans blue content was calculated as tissue Evans blue (f.Lg/g wet weight)/plasma Evans blue (mg/g). Small pieces of brain were immersed in ice-cold 10% for malin in 0.1 M phosphate buffer, pH 7.4. After 3 days in the refrigerator (+ 4°C), the fixation medium was changed to 30% sucrose solution in phosphate buffer for at least 24 h. Fluorescence microscopic observations were carried out on 20-f.Lm frozen sections.
All results are reported as means ± SD. Statistical analysis was assessed by the unpaired Student t test.
RESULTS
Fluorescence analysis of Evans blue standards reveals a linear relationship between fluorescence and concentration at 100-500 ng/ml. The recovery of Evans blue added exogenously to whole brain and 0. 1 ml plasma was 107 ± 6 and 106 ± 8%, re spectively (Table O . No fluorescence quenching due to tissue constituents occurred. Figure 1 depicts the changes in water content, so dium and potassium content, and Evans blue ratio during reperfusion after 1 h of bilateral carotid oc clusion. Water and sodium content of the whole brain increased significantly during reperfusion. The sodium curve was similar to that for water con tent. In contrast, the potassium content decreased significantly after release of the clip and recovered that showed a blue discoloration. Most of such areas revealed a localization of Evans blue in the cell components (i.e., glia and neuronal bodies) ( Fig. 2A) . In some regions, there was a diffuse dis tribution of Evans blue in addition to the cell com ponents (Fig. 2B) .
DISCUSSION
Our findings (Fig. 1) indicate that pure cytotoxic edema develops during a short period after restora tion of cerebral blood flow following bilateral ca rotid occlusion for I h and vasogenic edema de velops later after restoration of cerebral blood flow.
The present findings confirm the results of Ito et al. (1979) . Evans blue fluorescence in the solvent (50% tri chloroacetic acid/ethanol, 1 :3) was stable for at least 7 days. Furthermore, Evans blue fluorescence was used for microscopic investigation of cryostat sections of the brain. The results of fluorescence microscopic observation (Fig. 2) are in good accor dance with those observed by Ito et al. (1976) .
In conclusion, this method using Evans blue fluo rescence facilitates sensitive determination of vas cular protein leakage in the brain as well as tissue localization of protein leakage at the microscopic level.
